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https:/efficient vocal production for individuals with voice disorders and for singers. The aim of the present study is to
investigate the effects of a 10-minute SOVTE warm-up protocol on the actors’ voice.
Methods. Twenty-seven professional theater actors (16 females) without voice complaints were audio-recorded
while reading aloud, with their acting voice, a short dramatic passage at four time points. Recordings were made:
the day before the show, just before and soon after the warm-up protocol which was performed prior to the show
and soon after the show. The voice quality was acoustically and auditory-perceptually evaluated and quantified
at each time point by blinded raters. Self-assessment parameters anonymously collected pre and post exercising
were also analyzed.
Results. No statistically significant differences on perceptual ratings and acoustic parameters were found
between pre/post exercise sessions and males/females. A statistically significant improvement was detected in the
self-assessment parameters concerning comfort of production, sonorousness, vocal clarity and power.
Conclusions. Vocal warm-up with the described SOVTE protocol was effective in determining a self-perceived
improvement in comfort of production, voice quality and power, although objective evidence was missing. This
straightforward protocol could thus be beneficial if routinely utilized by professional actors to facilitate the voice
performance.
Key Words: Theater actors—Vocal warm-up−SOVTE—Voice analysis—Voice self-assessment—Actor’s formant.INTRODUCTION
Theater actors are voice professionals with high vocal
demands. They need to project their voices to the audience
in wide spaces, sometimes over the stage noise and often
while engaging in emotionally loaded behaviors to interpret
their character.1 Moreover, their vocal load can be
increased by inappropriate stage conditions and improper
or missing amplification. This leads to the necessity of voice
production at high intensity levels with concomitant
changes of the habitual pitch,2 and thus to potential laryn-
geal hyperfunction and consequent perceived vocal
fatigue.3,4 In a study of Rangarathnam et al,5 auditory-per-
ceptual and aerodynamic measures of theater actors’ voices
significantly deteriorated after 6 weeks of stage performan-
ces and rehearsals. Among actors, voice problems have
shown to lead to both poor emotional health and occupa-
tional issues.3,6
The literature focusing on the effects of vocal warm-
up on healthy voices is various in terms of exercises
which were investigated and outcomes which were con-
sidered.7 Exercises included in previous works can beted at: Models and analysis of vocal emissions for biomedical applications,
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/doi.org/10.1016/j.jvoice.2020.07.024grouped into four main categories: stretching, orofacial
praxias, pitch variations and semi-occluded vocal tract
exercises (SOVTE), these last being the most used.7 Posi-
tive effects of these exercises have been shown on acous-
tic,8−10 aerodynamic,8,11 auditory-perceptual11,12 and
self-assessment13,14 parameters.
Previous studies on the effects of SOVTE showed that
phonating while reducing the diameter of the vocal tract at
the level of the tongue and the lips can result in a more effec-
tive and efficient vocal production on healthy and disor-
dered voices and can improve singers’ voices.15−18
According to Titze19 and Guzman et al,20 this effect is due
to an increased oral pressure that favors a lower laryngeal
position, a raised velum and a widened pharynx.
SOVTE can be differentiated according to the resistance
created by the semi-occlusion, which directly relates to the
amount of oral pressure which is generated.19,20 Amarante
Andrade et al21 reported that SOVTE can also be classified
according to the presence or absence of a vibratory compo-
nent at the semi-occlusion level. In line with this model,
exercises performed with a second source of vibration in
addition to the vocal folds (named fluctuating) are charac-
terized by a predominant massage effect on the vocal tract.
Exercises performed with only the vibration of the vocal
folds (named steady) promote easier phonation.
On healthy singers’ voices, SOVTE have shown to improve
self-assessment parameters such as voice emission comfort,
harmonic quality, stability and cleanliness.22 Acoustically, a
significant increase in intensity of the singer’s formant and
decrease in jitter and shimmer were detected.22,23
To the best of our knowledge, only one study24 has ana-
lyzed the effects of SOVTE on the actor’s voice on a single
TABLE 1.
Number and Percent of Actors with Given Years of Expe-
rience on Stage





Timeline of the Data Collection Procedures







R1, recording 1; R2, recording 2; R3, recording 3; R4, recording 4.
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well as a better perceived voice quality after 30 minutes of
SOVTE training.
The actor’s/speaker’s formant has been described as a
strong energy peak around 3.5 kHz in the long-term
average spectrum (LTAS) of loud, trained, male speaking
voices.25−27 It seems to be created by the clustering of the
third, fourth and fifth formants (F3, F4, F5). As for the
singer’s formant, which consisted of a peak between 2 and
3 kHz, this increased intensity level in the upper formants
has been related to an acoustically-perceived better voice
quality with enhanced projection24 and has anatomically
been related to a lowering of the larynx, thus lengthening
the vocal tract, and to an increase of the ratio between the
volume of the pharynx and the amplitude of the epilarynx,
which is the area just above the vocal folds.24,25 The pres-
ence of an actor’s formant in female voices has been postu-
lated by Leino28 but has not been confirmed in a following
study,29 according to which the vocal projection of the
actress’ voice seemed to be acoustically represented by a
lower and stronger F0 than F1 and thus resulted by glottal
rather than vocal tract adjustments.
The aim of the present study is to determine the acousti-
cal, auditory and self-perceived short-term effects of a vocal
warm-up based on a protocol of SOVTE (including both
fluctuating and steady exercises with decreasing resistance)
in a population of actors with healthy voices. Special atten-
tion is paid to a possible effect of eliciting / enhancing the
“actor’s formant” in male and female voices. Moreover, pre
and post show voice samples are compared.MATERIALS AND METHODS
Subjects
Twenty-seven Italian professional theater actors (16 females
and 11 males) with a mean age of 38.3 years (range 22−
72 years old) gave their informed consent to participate in
this study.
Inclusion criteria were: at least 3 years of experience
working and being on stage with a play during the data col-
lection period. Exclusion criteria were: history of voice com-
plaints which required an Ear-Nose-Throat or Speech-
Language-Therapy consultation in the last 12 months, pres-
ence of voice complaints during the data collection period,
difficulties in performing the exercises. Table 1 displays the
participants’ years of experience on stage.
The participants performed in five different plays with
different roles, but with a comparable vocal load. The per-
formance length varied from one hour and a half to two
hours with a mean length of one hour and forty minutes.FIGURE 1. Passage recorded at each time point (from Shake-
speare, Hamlet 2.2, Italian translation by Vico Lodovici).Voice recordings and SOVTE protocol
Four audio-recordings at different times (R1, R2, R3, R4, see
Table 2) were obtained for each actor while interpreting and
reading aloud with acting voice a selected short passage of
“Hamlet” as translated in Italian (Figure 1) and imagining anaudience of 400 people. The sentence “Ma che e lui per Ecuba
e Ecuba per lui” was selected and extracted from the record-
ing and considered for acoustical and auditory perceptual
evaluation in order to obtain an accurate analysis. Indeed,
this sentence is quite well suited for acoustical analysis, being
largely vocalic. The actors were not aware of this selection.
The audio recording R1 was obtained the day before the
show. The audio R2 was recorded on the day of the show,
just before the SOVTE session, and, together with R1,
made up the baseline. The SOVTE session was performed
approximately one hour before the show.
The exercise session consisted of a series of 10 minutes of
SOVTE progressing from high to low resistance as recom-
mended.19 The protocol included: (1) Lax Vox with tube
immersion of 3 cm in water according to Guzman et al,30 20
vocalizations on /u/; (2) straw phonation, 20 sustained /u/;
(3) 10 lip trills, (4) 10 tongue trills, and (5) 10 hummings.
The tube was 35 cm in length and 1 in diameter, while the
straw was 10 cm and 3 mm, respectively. Standard sizes of
tube and straw were chosen according to Andrade.31 Partici-
pants were asked not to perform any additional warm up.
The recording R3 was obtained immediately after the
exercise session, soon before the actors’ performance in a
show. R4 was gathered soon after the show.
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phone (Shure, Niles, Illinois) coupled with an US-322/366
external sound card (Tascam, Santa Fe Springs, California)
and a VivoBook A551LB laptop (Asus, Taipei, Taiwan), the
software Audacity (Audacity Team, 2017) set at a 44.1 kHz
sampling rate and 16 bit resolution. In order to avoid system-
atic differences related to the recording environment, a con-
stant mouth-to-microphone distance of 15 cm was kept
during each recording with the use of a metal spacer.Perceptual evaluation
The audio recordings R1, R2, R3 and R4 were randomized
for each actor and evaluated perceptually for overall voice
quality by 5 blinded clinicians (3 voice therapists and 2 pho-
niatricians) who are experts in voice disorders and voice eval-
uation, with high quality speakers and within silent rooms.
Recordings were rated using a 100 mm visual analogue scale
whose extremes were labeled with “worst” and “best.”Raters
were able to play the recordings back and compare the four
ones for each actor; no prior training was given.Acoustic analysis
All the recordings were acoustically analyzed. Specifically,
the following parameters were computed with the software
BioVoice32: mean, standard deviation, lowest and highest
value for fundamental frequency (F0) and for the first five
formants F1-F5, jitter%, duration (seconds), % voiced and
% unvoiced, LTAS and Quality Ratio (QR). QR is the ratio
between the acoustic energy in the cluster of F1 and F2 and
that in the cluster of F3, F4, and F5. The more QR is close
to 0, the more the speaker’s formant is prominent.32
Shimmer%, NHR and dynamic range (dB), were computed
with the software Praat.33 We included in our acoustic anal-
ysis not only basic voice quality parameters like jitter, shim-
mer and NHR, but also prosodic (F0 range, speech rate)
and dynamic (dB range) criteria, which were supposed to
reflect the expressivity of the voice, and a measure related to
the strength of the actor’s formant.TABLE 3.
Pearson’s r and P Values of Each Evaluator’s Ratings Across the
Ev1
Ev1 Pearson’s r 1 0.
P value (two-tailed) 0
Ev2 Pearson’s r 0.237*
P value (two-tailed) 0.013
Ev3 Pearson’s r 0.357** 0.4
P value (two-tailed) 0.001 0
Ev4 Pearson’s r 0.253** 0.4
P value (two-tailed) 0.008 0
Ev5 Pearson’s r 0.109 0.
P value (two-tailed) 0.261 0
* Indicates a Statistically Significant Improvement:
* P < 0.05.
** P < 0.01.Perceptual self-assessment
All participants were asked to fill in a questionnaire indicat-
ing, for the parameters: - comfort, sonorousness, expressiv-
ity, pleasantness, clarity, and power - if they had the feeling
that their voice was worse, the same or better after the vocal
warm-up as compared to before. Data was anonymously
collected after the show.Statistical analysis
Males and females data were analyzed both separately and
as a group with SPSS version 25, the significance level was
set to 0.05. The auditory-perceptual evaluations of the 5
raters were averaged as well as all the data of R1 and R2,
which made the baseline.
Inter-rater reliability was assessed through the Pearson’s
Correlation test. ANOVA, paired Student’s t test and
Cohen’s d effect size were used to statistically and clinically
analyze pre-post session changes in the perceptual and
acoustic outcomes as well as the differences between males
and females. Binomial distribution and Fisher’s exact test
were applied to analyze the self-assessment ratings. Bonfer-
roni correction was applied to statistically significant
results.RESULTS
All subjects correctly performed the exercises. For technical
reasons, the acoustic analysis of 5 recordings failed for the
parameters F0, F1 and QR, thus, the corresponding subjects
(3 males, 2 females) were excluded from those parameters’
analysis.Perceptual evaluation
A weak to moderate inter-rater reliability of the listeners’
evaluations was found according to Cohen’s guidelines 34
(Table 3).
The data analysis showed no statistically significant dif-
ferences on the perceptual ratings between pre/post exerciseOthers.
Ev2 Ev3 Ev4 Ev5
237* 0.357** 0.253** 0.109
.013 0.001 0.008 0.261
1 0.428** 0.447** 0.201*
0.001 0.001 0.037
28** 1 0.455** 0.107
.001 0.001 0.268
47** 0.455** 1 0.007
.001 0.001 0.939
201* 0.107 -0.007 1
.037 0.268 0.939
TABLE 4.
Mean § Standard Deviation of Actors’ Perceptual Rat-
ings at the Three Different Time Points
Baseline R3 R4
Males 61.62 § 8.39 63.96 § 10.69 63.26 § 14.22
Females 60.87 § 5.5 62.87 § 16.45 67.29 § 11.53
The ratings were measured with a value from 0, the worst, to 100, the
best. R3, recording 3; R4, recording 4.
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for males and females separately.
Descriptive statistics for the perceptual ratings are dis-
played in Table 4 (averaged) and Figures 2 and 3 (males
and females respectively, for each rater).Acoustic analysis
A mild peak in the F3-F5 area of the LTAS was found,
on average, for both male and female actors (Figure 4).
On average, a slight increase in energy in the actor’s for-
mant range was visible in R3, following the SOVTEFIGURE 2. Mean, standard error (SE) and standard deviation (SD) of
rater.
FIGURE 3. Mean, standard error (SE) and standard deviation (SD) of
rater.protocol; however, a detailed analysis of acoustic energy
slice by slice (each of 500 Hz) (Figure 5) showed no sig-
nificant difference across the four recording times. Fur-
thermore, QR data showed no statistically significant
difference between pre and post exercise session neither
for the total group, nor for males and females separately
(Table 5).
No statistically significant correlation was found between
the QR data and the auditory-perceptual voice ratings
(r = 0.101, P = 0.439 for the female group and r = 0.073,
P = 0.647 for the male group).
The data analysis showed no statistically significant dif-
ferences for the other considered acoustic parameters
between pre/post exercise sessions and pre/post show, nei-
ther for the total group, nor for males and females sepa-
rately. Descriptive statistics is reported in Table 5.Perceptual self-assessment
In the total group, four out of the six parameters showed a
significant improvement (ie, significantly more “better” rat-
ings than “no change” and “worse” ratings cumulated):
comfort, sonorousness, clarity and power (Figure 6).male actors’ perceptual evaluation at each time point and for each
the actresses’ perceptual evaluation at each time point and for each
FIGURE 4. Average and standard deviation 0−10 kHz LTAS of actors (black line) and actresses (grey line) in recording 4. Each number
on the x-axis is relative to a 500 Hz frequency step.
FIGURE 5. Cumulative Power Spectral Density (males and females) of the four recordings in the range 0−10 kHz. Each stripe represents
mean and standard deviation energy level of a 500 Hz slice. A.U., Arbitrary Units.
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significant improvement (P < 0.05) was found in the param-
eters concerning comfort in production for males, sonorous-
ness and vocal clarity for both males and females, power for
females. The percentage of actors who noticed an improve-
ment is shown in Table 6.DISCUSSION
The present study aimed to define the short-term effects of a
SOVTE warm-up protocol on the actor’s voice.
After 10-minutes of vocal warm-up, no statistically sig-
nificant differences were found across the four recording
times on either the acoustic or the auditory-perceived
voice quality parameters. These findings differ from the
ones obtained in the previous work of Leino et al24 just
on one single actor with a 30-minute vocal warm-up. Our
SOVTE protocol, however, was short enough to be easily
applied before the stage performance and to avoid a
fatigue effect on the voice before the performance. To thebest of our knowledge, the present study is the first one
carried out in a real environment and during the stage
performance period rather than in an artificial context
such as a voice laboratory. This type of real-life setting
may have influenced the quality of the recordings, which
were made in theaters, as well as the physical and emo-
tional condition of the actors. This might be considered a
limitation of the study, nevertheless the conditions in
which the present data were collected are the typical ones
of the real working context of the actors.
The findings presented above are in line with the previous
literature about the effects of SOVTE on healthy voices.
Costa et al35 did not find any significant differences in the
auditory perceptual and acoustic assessments in this popula-
tion. Laukkanen et al found a significant increase in F3 and
decrease in F4 in women without other significant changes,
concluding that exercising with SOVTE may help in deter-
mining a speaker’s formant cluster.
It is known that actresses show slightly more acoustical
energy in the 3−4 kHz zone of the long-time averaged
TABLE 5.
Mean §Standard Deviation of Actor’s Acoustic Parameters at the Three Different Time Points
Baseline R3 R4






F0-lowest 92.72 § 20.22 (males)
148.1 § 33.00 (females)
100.12 § 30.73 (males)
164.45 § 19.79 (females)
102.37 § 28.85 (males)
176.73 § 48.32 (females)
F0-highest 243.97 § 66.25 (males)
372.09 § 63.61 (females)
256.69 § 70.95 (males)
385.18 § 62.49 (females)
282.19 § 96.83 (males)
381.36 § 64.78 (females)
F0-range 151.25 § 61.36 (males)
224.00 § 62.34 (females)
156.56 § 66.62 (males)
220.73 § 53.60 (females)
179.81 §95.96 (males)
204.64 § 25.96 (females)
Jitter % 2.48 § 0,41 (males)
1.75 § 0,32 (females)
2.35 § 0,41 (males)
1.82 § 0.34 (females)
2.49 § 0,46 (males)
1.70 § 0.40 (females)
Shimmer % 9.26 § 1.65 (males)
7.28 § 1.45 (females)
8.88 § 1.44 (males)
7.55 § 2.03 (females)
9.19 §1.71 (males)
7.42 § 1.62 (females)
NHR 0.19 § 0.06 (males)
0.12 § 0.04 (females)
0.18 § 0.04 (males)
0.13 § 0.04 (females)
0.20 § 0.05 (males)
0.12 § 0.04 (females)






Dynamic range (dB) 23.78 § 5.34 (males)
22.59 § 5.46 (females)
25.25 § 3.62 (males)
24.64 § 3.50 (females)
24.87 § 4.05 (males)
25.09 § 5.03 (females)
% unvoiced 22.59 § 9.62 (males)
16.64 § 6.63 (females)
15.75 § 4.55 (males)
13.45 § 4.23 (females)
21.37 § 7.05 (males)
17.00 § 6.21 (females
Duration (seconds) 2.79 § 0.49 (males)
2.81 § 0.30 (females)
2.69 § 0.34 (males)
2.77 § 0.25 (females)
2.79 § 0.45 (males)
2.84 § 0.52 (females)
F0, fundamental frequency; NHR, noise to harmonic ratio; QR, quality ratio; R3, recording 3; R4, recording 4.
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acting condition, although this difference does not look like
a true “formant,” as observed in male singers, and even in
male actors.36 However, in our experiment, all recordings
were in “acting” condition. Our findings do not suggest
that the SOVTE-exercises elicit or reinforce an actor’s
formant.
The interrater correlation for the auditory perceptual
evaluation appears to be quite low, notwithstanding the
experience of the raters. However, it must be considered
that the present experiment only deals with non-pathologi-
cal voices, while all raters are clinicians, not vocal artists.FIGURE 6. Male and female actors’ responses for each self-assessment
< P < 0.02, **0.001 < P < 0.01.Moreover, the findings of this study showed that a 10-
minute vocal warm-up with SOVTE is enough to determine
a self-perceived improvement in the comfort of production
for males and in sonorousness, voice clarity and power for
both male and female actors. This result is in line with the
previous literature on the effects of SOVTE on the singer’s
voice.17 A questionnaire similar to the one described in our
study was used by Fantini et al for healthy singers.22 To the
best of our knowledge, no tools with a focus on self-assess-
ment parameters for healthy vocal performers have been
validated. It is to be recommended that future research in
this field should deal with creating reliable/valid tools forparameter. * indicates a statistically significant improvement: *0.01
TABLE 6.
Percentage of Male and Female Actors who Found an Improvement on Each Self-Assessment Parameter
Comfort Sonorousness Expressivity Pleasantness Clarity Power
Males 93.75%*** 75%* 37.5% 62.5% 81.25%** 68.75%
Females 54.54% 81.81%* 45.45% 72.72% 72.72%* 81.81%*
* Indicates a Statistically Significant Improvement: *0.04 < P < 0.03.
** 0.02 < P < 0.01.
*** 0.001 < P < 0.01.
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sufficient sensitivity to detect subtle changes in the normo-
phonic voice.
Given that the voice function is multidimensional, several
different outcome measures have been used to investigate
the effect of SOVTE in previous studies. These include both
objective measures as electroglottography, computerized
tomography, acoustics, quantification of the intraoral and
subglottic pressure, aerodynamic and subjective measures
as self-assessment and the auditory-perceptive analysis.15−18
Future research on the effects of SOVTE on the actor’s
voice could employ other instrumental analyses.
In this study, auditory-perceived voice quality and acous-
tic parameters did not significantly change after the perfor-
mance. This result is in line with the previous literature.37 A
single performance of about one and a half hour, indeed,
seems not able to affect the objective vocal quality as mea-
sured soon after the show.37 Future research might clarify if
SOVTE are able to prevent the negative impact of a longer
period of stage performance.
Different kinds of vocal warm-up exercises might be
included in future studies in order to better clarify the
impact of SOVTE on self-perceived voice quality.
In conclusion, this study demonstrated that for the actors
a short vocal warm-up based on SOVTE may be effective
in determining a self-perceived improvement in comfort of
production, voice quality and strength. Although we
achieved an exhaustive acoustic analysis, the objective
assessment methods might not demonstrate changes which
are only self-perceivable. The primary goal of voice clini-
cians is to help clients in developing a voice which is self-
perceived as more comfortable, easier and stronger; there-
fore, SOVTE could be an easy means to warm up the voice
before the show and the rehearsals for performing actors.
Further, there are few doubts that self-confidence is impor-
tant in performing artists.Acknowledgments
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12. Silverio K, Gonçalves CGO, Penteado R, et al. Actions in vocal
health: a proposal for improving the vocal profile of teachers. Pro-
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